for 5 min. The samples were centrifuged at 14,000 g for 10 min, and the supernatants used. Total protein amount was quantified by Bradford-XL assay (APRO Science).
3 6
Fifteen µg of protein was subjected to SDS-PAGE with 8% polyacrylamide gels and 1 3 7
transferred to a polyvinylidene difluoride (PVDF) membrane [6] . MpPHOT proteins 1 3 8
were detected with rabbit antibody raised against the custom-made synthetic peptide from wBL under cold conditions.
In M. polymorpha, both cold and BL were required to elicit the
cold-avoidance response [6] . Building on the result, to explore whether the
cold-avoidance response is due to avoidance from wBL under cold conditions, we tested with vertical irradiation at 5°C (Fig 2A) . In WT cells, chloroplasts were positioned
along the anticlinal cell walls as the cold-avoidance response ( Fig 2B) . When the light 1 6 4 direction was changed from vertical to horizontal (Fig 2A) , the chloroplasts along the anticlinal cell walls moved to the periclinal cell walls (Fig 2B) , indicating chloroplast
avoidance from BL25. To further confirm the results, we employed polarized wBL, . capillus-veneris [22,23] .
When 10-day-old sporeling cells of M. polymorpha were irradiated with vertically
vibrating polarized wBL for 3 h at 22°C, chloroplasts localized along the anticlinal wall
as the accumulation response (Fig 2C) . When the cells were transferred to 5°C under periclinal wall, indicating that chloroplasts avoided the polarized wBL at 5°C. These results confirm that the cold-avoidance response is due to avoidance from wBL under [6]. and avoidance responses 1 8 0
We hypothesized that the cold-avoidance response is induced by a cold-mediated
decrease of the transitional light intensity (Fig 1) . If this is the case, the accumulation and BL25, respectively) ( Fig 3A and 3B ). Chloroplast position was quantified by a P/A 1 8 6 ratio method, developed in earlier studies [4, 5] . The P/A ratio is an arbitrary unit positioning of chloroplasts and vice versa. In WT cells, the cold-avoidance response
was observed at 5°C under BL10, BL15 and BL25 (Fig 3A) , and at these higher BL 1 9 1 intensity levels, we observed a decrease in P/A ratios (Fig 3B) . However, the 1 9 2 cold-avoidance response was not observed at 5°C under BL5 (Fig 3A) and the P/A ratio 1 9 3
was unchanged during the incubation of these samples (Fig 3B) . These results suggest that BL5 induces the accumulation response at 5°C. However, because similar that the cells were unable to respond to the extremely weak intensity of BL5. To clarify
whether the accumulation response is induced under BL5 or not, an additional test was under BL25, the light intensity was changed to BL5 or dark conditions (Fig 3C) . After under dark conditions there was no change in chloroplast position (Fig 3D) . These temperature change (Fig 1) . We next considered the possibility that changes in endogenous phot expression may 2 0 9
play a role in the change in transitional light intensity, as previous studies using A.
capillus-veneris and A. thaliana suggest that a reduction in the transitional light
intensity can be the result of artificial overexpression of phot [11, 12] . In A. response was dependent on Mpphot-Citrine expression levels (Fig 4A-4C ). In the cold-avoidance response at 5°C could be induced (Fig 4D and 4E) , indicating that the induction of the cold-avoidance response. response, the endogenous amount of Mpphot was determined using immunoblot
analysis. After gemmalings were transferred from the white light condition to BL25 2 3 1 condition at 22°C, the endogenous amount of Mpphot was increased at 6 h and the 2 3 2 increased amount was maintained until 24 h (S Fig 1) . To avoid the effect of the light 2 3 3
condition change (i.e., from white light to BL25), the gemmalings were pre-incubated
under BL25 at 22°C for 24 h. When temperature was changed from 22°C to 5°C, the 2 3 5 endogenous amount of Mpphot was not changed at 3, 6, 9 h (Fig 5A) . Note that this 2 3 6
experimental condition was not able to separate phosphorylated and dephosphorylated
forms of Mpphot. When we incubated the gemmalings under the same light and
temperature condition as shown in Fig 5A , the cold-avoidance response was induced 2 3 9
( Fig 5B) , and the P/A ratio was decreased (Fig 5C) . Unexpectedly the pre-incubation
under BL25 at 22°C for 24 h increased the P/A ratio than the white light condition at activity is reported to be suppressed by cold treatment in tobacco plants [24] . In suppressed by 5°C treatment in M. polymorpha (Fig 5D) . In the complementation lines 2 5 0 (35S::Mpphot-Citrine/Mpphot KO ), the cold-avoidance response was clearly observed 2 5 1 (Fig 5E) , confirming that the induction of the cold-avoidance response does not require 
